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(57) Abstract: 

PROBLEM TO BE SOLVED: To accomplish an 
on-column fluorometry by performing a laser irradiation 
of a plurality of capillaries simultaneously in substance. 

SOLUTION: A plurality of capillaries 1 are arranged on a 
plane of glass 5 and irradiated with a laser fight 2 
from the side of the array of the capillaries along the 
axis of the array. The capillaries act as convex lens 
depending on a relationship among the outer radius and 
the inner radius of the capillaries, the refractive 
index of a medium 11 outside the capillaries, the 
refractive index of the material 1 of the capillaries 
and the refractive index of the medium 10 inside the 
capillaries. The laser beam is focused repeatedly and 
travels through the array of the capillaries without 
diverting from the array axis of the capillaries. Thus, 
a sufficient laser power reaches the inside of the 
capillaries to allow simultaneous fluorometry thereby 
realizing a high sensitivity, a high speed and a high 
throughput 
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30 5 *^>^r ^ y — . TSf* l^— if WttflSO 5 ^CO^r 

^ y^^bmst-r^o , * 

• [0042] 

( x = o. o o) (i±r^^^;-eoAtt^^offiT*fc 

JB*f«r^<Slfr* A0 = Ot'fe^>t^7 

y — gsVuttJiSrffjKWtciitTi- So x = o . o o &.^<o 



i o^o^r^ e? y 



40 



50 



^5 J tf^A 3 is tK-^ v h co^Kli. > -r ^ t 7 y — G 

®x <6 i?-. j* pjs V>f hi i * o*9* V f tr 9, y 



(8) 



^¥9- 1 5 2 4 1 8 



X\ &$l<0*-y t'9 V — #/Wtti*:ti\z.is\,*x* 
WlcitK^-T5 u-if tr— ^<D3tK«r»?J«i-50T-. 
^ 7 * - # ^ * f 9 V - S^ScKSIg t ^ iz £ fc> 

[0 0 4 3] ffifflf6^rt f7 y — <7>*»Sr*{k*-frfc 

s)'. Be-etiu #*^e9 y-^ttw— if*««^e> 

HB#(- 1 1 0<D#^-£ttttTfc5 o 
[0 0 44] ^TCDtr— F^u- if ^57 

' if l 

. ioBS^^^itt^j-r^o b 6 iZ7jk-f x 0 tc. 10*1 
[ \jd4'V* 9 y -fwsbfe&mi* 1 * i©54l.i %j- x 

A/*io w Offi^jb V.— if ^AO^rt f 9 y — 1**3 fc 
Jfc££ 2 0;%^Vt^^ ; L ,*»»jilMfefl=""Ctt... 2 4 

'9 34 b £b: 2 1) 0 r ^ 7 

[00.4.5] te<D^fM»Ji LT, >Vfc°9 y — rtSESr 
0. 1mm (r=0. 0 5mm) t L x ¥Vt°? y— 
Mo/llmm (R=0. 0 5 5mm) ,~0. 2 mm 

(R=0. 1mm) % 0. 3 7 5mm ( R = 0 . 75m 
m) 0. 7 5mm (R = 0. 3 7 5mm) . 1. 0m 
m (R = 0. 5mm) drf^^lCO^T, ±mtmm 

tz) o ffiU l 0*:(^^r-v t°9 y-^ffi^iJtf i/^JiS.^ 

* ^7ii-^st L a$t x #*-v,trV'y —zdmrn 

tt i o * g V t* 9 y — j<*5«t ^ias?a*^>V * * 
9 y —<Dftm/ft&<Dttm (V/.r) JcBBV'sasftsr* 

"t; (afiJft* tt\ f H 6 ic u - if *»j^* ; <xfit ^4 

? y -Srffl^ytsWr* t e? y — 9^ ( 



14 



[0 04 6] ia8(i. B7<Ofeft^f> u—if tf-AO^ 

-^e 9 y — i*fo^«9o2pidjSi§^s:5R^, aesb^^ 
«'>^2 o%*xt+zm*$nm^m*&*:*->r t* 9 y 

f&mfr -y e 9 y —<D^^x^^<Dttm r/t&a 

ttftcoW (]E«t(cii x 3. 7 5) ^<t-5i:#. Mcht&m 

#}iz£&<D*v t°9 y-^is]^g+aijT*#. ^^«s^^gi 
r^^^j^uyc 0 t - 9 v—(oft&/ftm<DitmR/ 

^-r^Ste, u— if br-Ajg<b^r^if9 y -^^fit 

a«is^fcfc«>ic, ^r-r t°9 y^-^s^?>iftitt-r-5 tr-^ 

f -y f9 y— o»*s«^i-53afttt, ^r-vif9y-^^ 

20 [004 7] ftmxtefmr-tz&nzxm. m&mmiz 
frtzymk^ 

-1' ^Li— ^hii. i 2 x 8\<o&+mz&?\i£titz9 

1 2.;, i 

6v.2 4, - "-CfeS.rtiffStlf^ *'H8«>«*ij|»b, # 

t:? ir— ji£^w*jafia*9«^sr 20 jet-r 

VskiHWS:. *8 ,12! "l Vl 2 4 iir^^, ^rix 
, -iptV, 1 <R/.r ^ 10. .,lX.R/r ^ 10, 1 ^R/ 
r ^ 7\ 3^R/r ^ 5 ir^^ 0 

[0 0 4 8] 9 O^O^^r- 7jf-f> h 

T^^i. >-if f-^oScatc^^^^^eM^ii:^ 

^^^9 y — OJS&f^^^fkr^^#^T*<7>u-lf t'«- 

' ' ate isatfc;^ *ojK*J«-<f 

rjl ..." 

50 RWl'i>H-ins»jfe«:i: lt. *ttu*«cii:«Xw4-as 



30 
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«*<OU— -if' f i«7--«r'l 0*<O*-y f5 y -co^tW 

^ (R/r) lCg|-r^^fk$r^i-o 5t^tii^tCitt^AW 
1-SK«*<OW-lf^?--l2, ±iEL/c<tpiC, ^7fef+ 

&Oit^R/r#4ttifiT, »t>W*3)feAS/h*<<C9* 
S©H:*R / r W$i^#lcfM^# < it* L/c 

2 S R / r 

[00 5 0] 3fc&ffl^l-iE&Attir£Sat5fc<0 tf ^ 

$ * 5 i 1 1 c & 9\ # < <z> * * t° 7. y — ( — if ' < v — 
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[005 1 ] .^*Mfc»tt^^^ 



[0 0 5 2] ' (; 

V ^9 y -«>«iHSr tr9 y —o>^msk±\c L 

fc e ft*«ttT, ^^t'7UH:M0. 2mm (R 
= 0Y" inim) l'mm (r = 0. 05m 

m) . f*50 cm0«tt*£PjffiV (n,= "i. 4 

6) tiow^fe. E#imHtt, ^rt^y-^o 

1« (Hlfi^ffil i.raC)"^2«, .3« v ".4«." 5«* 
BP*>, 0. 2. 0. 4_, 0 / 6^6/8, "l. OmmO 

[op 5 3] 'hi 0tt/V— if>tjH*»b*t>iav^ffi«ij: 
E W $ Hfc 10 * e <o*V K7 r ? r «t S BfiSft* £ 



aej»*tt(STL, tr5 y-^i5iB*i+fflic^ 

*jft*ft=tftofco t'7 y-<oiayuraiBSr 

**fcr?y hp^, ^rtt^y 

y— ©ia«Ftfai3&s-e*sr i^Lfc. :^sa*tt 

(^^7 y— «r«»EWi-S) 1 0#B<O* 

■^tT5 y-OS/N^, l*|^t^7 y— COS/N 
o^l-ftaftfrSrUffltBHii-ai. Bfi«b*ttl/ 
10.- 4fcfta*tt*^#*ttB*ft5. r^lftfiS**ttl/ 

17 4^^^^, a i o tr9 y — <oEwraBB3ft s 

0. 8mm«T. iP^EWBBIW^^ir tT9 y—^^4 

[0 0 5 4] (3«ttBtt3) (9M6»flB l ) $>->~*u 
— >3^te*«iS^#. *3llE»«"ei4DNAR»^t 
«*»«r*B«ctTftofc. qiffi*fcEM**tfc5 
*^*^^7y— y^**6fflLttft»«l*tTftV\ at* 

*tHBli-a dn AttSE7aft£«r3Ktt ufc. 

20 H i l "*4v ffiffl U:8IOI«^# 0 '*> tr 9 y 

— y/Hi, g$5 0cm, ^g0. 2mm (R=0, 1 
mm) 1 , > ..figO. 1mm (r=0. 0 5mm) 

"<n,= l. 4 6) k v «ttffliLT7M(b^l/7 
4r-&A/y^4%T (T o t a 1 m o n o m e r .cone 
entration) % 5%C (Cr.ossl inki 
n,g. ...ma t e r^i a 1 ..con c.en.t r_.a i o 
\n)^JSjS«*T>'y'^T € h'VffiA (n, 

^ j:^;.^ V — y/us^^o. ^2 mm^^tCftJ 

: ^ tr^ y — y/w i (i^r-v- y — y^tfsjkiafeo^ 

[0 0 5 5] m 1 2 (^3tf+®J-fer/H 2^tt°7 y — 
tt(CM-r-5^ffilgS:^L. Y AG -if (5 3 2nm, 
2 OmW) MHe -N e if (5 9 4 nm, 10m 
40 W) *[^#t£L/£^tf-AS0. I mml:i3tl^ 

2i:L. ^7 y -E^l* J; ^ t ^7 y -ffi 

^jtt'icSo-eAW^^o Kimm** 1 2 rt»i£'«tr 
>7 y /ur ^ k y/K 1 b ^5 je*^ ^ Vtf 7 y — 1 a* ¥ 

ffi JblcEB > V f 7 y — 1 '1 4 

' [ ti 0 ^5 6 tm l' lfc^-t-i **3fcSfiHtiU .frAre 

s 7 ^y — y/^E^j-t 1 -5 ^ffiici»^UTsk*^ trft o 

" Wo' VmmV'l^*f^^5jri^k l 3t 

so X 



(10) ^¥9 - 1 5 2 4 1 8 
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2 6 9 9 3 6^$BtCg£L<iS$*lT^£ 0 5X4 = 2 /U@M»S)(C J: 5 D N AJS*ffi^^^ii5g5S^^mT* 

0<B(c2R5c«t-S^$tLybS:3t%3t^i¥(t. XiWmcD $fr 0 

2ft5nCCD^^7 9T*-S(cK3ttfaiL/c 0 Bjfcl^n [0 0 6 0] ¥ffiWcE?iJ£;h,/c 1 0*^^r+ fcT 

fc. *»*»&^>*-**5**«:ffi«*-e*ffl LW-M+S w 4: 

[005 7] 5««)DNAK»<Ott[«BJIJftSf41^V^ <fc 9 % DN A*aE^J»36«r*JfiLfc. ^ffltS^tf 

-S^otSftofc. MJSnfcDNAR»j8^|c 10 7!i-liM0. 3 7 5mm (R=0. 1 8 7 5m. 

I*. ^ig^S&C/G. A, TK#JfcLT 4 m) % ftgO. 1mm (r=0. 0 5mm) O^ffi^ 

Cy3 (g^MSl5 6 5 nm) , TRITC (ffi* I s (n 2 =l. 4 6) t 1 0*<D3r-\- tT9 y — E5»J 

^«fi5 8 0nm) .Texas Red li, 4 (C^-T J: 9 #7 ^¥S_hlCl 0 . 3 7 5mm 

Kg 615nm) , Cy5 (ffi*«3tJKft 6 6 5 n m) tr.yfCBS U 12 1 1 , H 1 2 Wfflir /Mi 

SrSKLfco r^T\ Cy3. Cy5IWto^/u teJBLfti^. EP*>. fcT9 y — *»eDfflE«fi?SSC (n 

• f-f^s/a^- s/^tt (*a) iojEjKsttT ,= i. 00) -es>s. 

TRITC, Texas Redtt^U**?- RtEl— £ Lfc. 

• ^D-T/tfccfc 9JEJd5*nTV>5 0 r*tfe4«flp***s [0 0 6 1] HI 4; 1 5li, **!S»lB"C»6iXfcD 
«^SSU$nT"2»:7cCCD^>« 7izm&£hz>£? NA'>-^y^M^H, Texas .Redt« 

T * *Kli«» Lfcl* 5 *<D* ^ &5 V—^/C<DP:nmP< U £*r LfeWRtt 1 0 84: t f^**W»«>M 13mp 

Kt**t^5a<6'pN AKfi-'s^ica u ^itf7 y i 8'-e*>s 0 la m i sjcife^ 

-y/^'Win o o v/ c m ( 5 k v) jem^S* Jb&^Mr f 7 y ---1 7)5^^ ^3t^{ggoV^ t*^ y 

£«#3ftK ip o v/cm i, v) y ^3Nprat?;*o ; ^/l?7 y ^ 1. 5 I- 

fco 2 c dJ*m 5 "es.^Hfc 4 ®o^3tj^*r^-r ,^t*Ta<)t V — i .6 ov^fno i 0*0 

£ 4S<om^^ "sffi ~ * * - 1 'fc+^Vi s/N^»«-e# fc 0 *£g«9S: 

oK»'coi>NAksiB^j .1 . ^\J % '^ 30 ^^^"^v^r. s/Nij;,>^e7 y — i ic*5 

; [ o bVsVjBi^su '^m&^mv^^^p^^^ ^X 2 3 7^4* tr9 y — ^4j^^r 2 3 7." 

"V^^*^^® *. a s S .f* d r^«K**vfcA ^ y — - 7fc*5i*-c 1 1 o/V^r t'V y — i'okjs^ 

-V^fe' 0 %t ^K^ra^O^^e 0 T 1 4 p-Cfco/c 1 0,WS/N3i^ 

fcJtftttSlfc t>l£«ttSKJH-<DM 1 3mp 1 8ffc5 0 — VfeB 1 4 * 1 5fflmz.&btlXi$9 * 10* 

[2 1 3(^«±:Ktf>3r-vX^ *y 1 * s *fc ©*t^7 y — V^««»»|C,t.aDN AJttSEM*^: 

ta^^fi^^rt ^7 y -^)lg»S)^7r [0 0 6 2] (%tt»tB4) **«j8»-efl. »fE^4t 

®^ ufc„ tr^y — sotw^t^; .>-v \?9 y -tffl^srti:!: o , f t(OE?ii*ftiaot2 

y — - l^'i/^ajiiftpt^ >n-c.fct»^ '^Afts^^k^AS. ffif 1 oiaffJ^tttt* . *.Ar tr 

bv>s>n (%s^V i ictea^5^BT\/sVN= 7 ^V-iE^R(Ofi^^t e^y -^ffi^i 3 ^®^ 1 ? 

3 f 4 -e$>5) Vtr^^^ffl^^x?fcofco'/^ib\ >^ . fT^-rsrir-efoSo rto®^, u-if e-A^^rt e 

^ (Cffl.Sil^B^, r S./N=3 ; 3 00tfc6, " % . . , ^ e itgf LV/J^*JC *-50jC, Jf*^^ 
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So ^<d*§,&\ y-z&m&&\LSj;tfhm*)& 

0*-* ^7 V-<DixW}ft (*^v t°9 y-rtSM i:'Hw 

try v-<o&%&m* mm&mz) tsifcij 

So »l©EJ!l*tt«rffli*AflEfll«:St. 
[00 6 3] Mrfc&lk LX % Wrffi^ftSO. 75 mm 
(«*«R,= 0. 3 7 5mm) , ^gg <*Mf¥S 
R 2 =0. 1 8 7 5mm) % l^ggO. 2mm (fifi^ 
^r,= 0. 1mm) /ftfigO. 0 5mm (F^S^Ml 
r 2 - O. 0 2 5mm) tf>*tR7g<£>*-r ^7 y — Srfflt* 

/to r ^7 y -Bfs©rt«^ffi«tt, mmmm 

1) X'&m^tzfy&O. 3 7 5mm (R==0. 1875 
mm) . ftSO. 1mm ( r = 0 . 0 5 mm) <DHfSff$ 
<0**\? 9 y — <OWffi<Ort9|S<Offi«(i<f UV^ (7. 85 

xio a mm 2 )o :«W^t^7 y-httf y-^ 

*«=«: (Hffi^ffi 1 ) V^t£"?\ ^fi 5 0 c mco^-v e 
9 y — ^*tk«?B»«15 (n»= 1. 4 6) * 
* ^7y-rtSli7Mio^7?rtUc4 %T x 5%C 

^fif^y ^ y Mr \ yV/y (n,= 1 ; ; 3 6) Sr^« 

1 0^0 6 4j j££> 1 6^<b^^ tr;9 y ^-^Koaatsrtf 

7 y -^ffffiiffti u sfesr^e^ y -(om 
^mtmmi^x p^mhCtc 0 ^comm^x 
hT -hie b£i ^ ic jft&S^^ 

fcT9 y— Vn;= I? 0 0) fc'b-fco 133 £ 

/<c*7*]J:»K gli i/yX,*/<yK^7-r^-, 212 
uyXJr^ LT 2 #C7ctfcfflg*c j; r> ftte o fc; D— if £ 
tf— A«b." 1 mmfc:*#U *^9 y-I«*JttW{ffl 

[00 6 5] r (Dm^m^M Lt,' (3IJS?gffi 1 ) £ 

fige^v-oL * u-^i >*R*tTftofc;'Hi 6i*. i 

So 01 614* ^3ttfffl^(0^^bf9 V-mztt-fZ 
BrlBffe b . 5 i #£<o* V fcT9 y — t u-^lf 

ffl<o*y£9 y" — h\ ;»f%fc£ <" * y e£ y - i* 
if e-— a ^ e 9 ; y : — «c i %mifT& jfiAtSox- 



(11) 4#M¥9- 1 5 2 4 1 8 

20 

KH^>, ^tt g 7y*-^^>X^^/j^^/: 

tr9y-EWI*«:iifTLfc. itot'-A 
n>^f— Mil o fcT9 y — ±r(c-o^r. 

[0066] metmm^. Ebe^o^>os^^^r 

10.- ^-v tf9 y-rtSPS:SiS-rS3tSS<Og 

[0 0 6 7] 19 1 7(i % ~<D£ ptr UT*i5/t#^-^ e 

9 y-tc^oitsae^Sr^u^ (u— ifjtagffiao i* 

g0^^f9y-OffltcJ:i9«»{t;*ixT^S) 0 01 
7t\ #^^e9y-(C*iU : -1f3t:Slffla7!i^«i#i-l^ 
h 1 0 60##«rf*Jt^ o @6i:^«l^, ^r-V^9y-S 

20 ®'>ufc 0 To*i?)^ t tf 7 !) -coaga^ii, 1* 

|<D5 3. 4 %\C <>Xt>r. i ^)ScS<0^liia 6 
ji: li'i: X/J^# U^ofc. o£ 0^."*^ ^9 y — 1*3^: 
»9 ©y^Sfi^ii 9 3 1 3 %TS>\*) " ( p . . 9 3 3 9 = 
0 . 5 3 .6 ) \^ *0^m^ftX~^ 2 4*$TO^t 
" e9^-io1fe^tf^ (0. 9 3 3 D = 

' 1 6 o B 8 ] -»^«'ffl*lci«»Ai*i-*Kit*«) u 

1 6 b 6 9 f^kmrnrnx-m ^kmxit&&Ln-<biiin m 

40 t»tJE--v f-7 y— (co^TtI^«lc#c>4x5. ep*>, 

**J:5K*S. , ; .... .. 

[0 0 7 01 i (3eiB^ffi5) : "*ii66®ffi-CI4. 

' ffi 4 y 4 * -v f 7 y u— ifjsw 

: ; lZ7'?£4'iPM&$£ (MgFj (®*f^n.= iy 3 
50 8) "Srf^nmWf^lliilfLfc. r©«S«CJ: 
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1$i¥9- 1 5 2 4 1 8 



21 

IS. 9 3. 3%7i^9 7. 0%lCUg*:L/i„ *(Di:t> 

5 3. 4%A>f,7 6. 0 %»£!#;*: Lfc (0. 9 7 0'= 
0. 7 6) „ r*uc:<¥i\ Ebe^<OS'>^2 0%*T- 

* t5HW»«rtt4ft**t f 7 y 2 4 

h 5 3*4T-lf^:Lfc (0. 9 70 8 =0. 2 1) t 

[oo7ii ^ntfi^iiT-fflv^^-v t* 7 y -© u— tf 
»«»«-K«*te j ^«)=« <? ^-f ^^«: mm.mmi) xm 

^to^amas^tjix^,, 3^ =>— ^ ^?<Djf&. nig 

[00 7 2] (36i6^ffi6) **i£7gf&-ett\ @i8i: 

^•r.tp/.c^fs^^^K'^y-i^fflv^i,, ^fss^ 

HbU- «>SrffiMu 52 0. 2 mm<DIE*- 

0. 52 0. lmm<?>jE*?g-C,S>5. CWJgtttO 

*-ir'"tT5 y -«. C ^y V^ ^ Dtt (^g) jdjoTKit 
... ^BgT-fo|>. , J^JgJgffi 1 ) ^1 

If 5 ;p c m©'^ |^©»|ligB5$ (n 

j= 1 . 4 6) £jlv'^ ^'y'^^&t;; 7 mo 1- 

I 0 ^(n.^^/^J^J^J^^^W*^ 

y — 3fc4g<fc 9 3 0c m©fiBT?ffi'$ 1 9 mm x 

«^{fr?t>ff « j/f: jj^«$flt t i<o* V f 7 

II — y/U 1 0 3^^*%»^**©fWfeSr 0.4mm 
f s> ^ Kill it #7;* 5 ±K@ j| L T |zE^icffi>FiJ 

, $itfc o : f"9 y ^»»i3gft 

!( n ,= 1 1 0 6 1 1 1 £ JUfc^ls 3fcW«fc,'. 

>-X v "Ai> hv«^7 V_ "ig 2 u5<XSr^ LT2R 
^tUSHc «fc 9 fcofc.. 12 1 8 li, 4 k3tSrthjBJi-i$I5 
#co3r Vt*7 y -ttl£3ti 1 i»f®ia^ : sJ 9 „ u— if £r f 
-Ago. lmmCijtLtf-A2tLT, dr-ft^y 

[0073] u— «f tr-A^s-* 
X f7 y -^AW^li^^oT-'^e/t*. u— if tr 

. t .fc 9 O^igigsgli 9 2. 9 %i: ? . u— if 

:i .^B.o^t.^^y^icfeif S 1,. 5°/oT-*> 

iLfc (0. 9 2 9"=0. 2 1) „ 
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[0 0 7 4] — Tt^a^jcBSAW-r^K^Ttou' 

—- yv<!7— £ 1 0 f 7 y— l-oi^TlBgLfcIS 

^-^ f 9 y -^6ftfS5^<0*-r f 7 y t Id 

[oo75] (mrnrnm 7 ) **js^r-ia. (hjsjk 

f 7 y — ^SC^* (n,= l. 3 3) t Lfc„ ^CO 

7!)- l^fo^f? w^sia^tt, 92. 9%jj»e>9 

9. 3%lc:li^Ufc 0 r©tf. V— y3ti^«t!5 1*B 

»*^^7y-ic:fcMtsiaik3a^*t : r.,-5 1 o*@©# 
20 ^ tr 7 y — jc*j«*5aie»*H\ 5 1 . 5 9 3 . 
9 %izmk Ctz cb . 9 9 3*= o_.. '9X9 ).... 

. kt*^*V'e? y r-**!*., 2 2 **>Vi 3 0** x-m 

. ,^U7^ (0. .9 9 3 0.-. -V 2'p').,','.^. .[ .1 ' . .... 

V\T. ^7tttfSJt-5ffiecpfr-vt , 7y-^S»S:^7y 
7? (n,= l,. 4 6) t_'L.fc.' ^tf^*k*«=li, « 

;" ^^yja.' .f ^. 1^7 tc> y - 

' . aimmm tpmK iimmik i ) ^pf-i •? t * * < 

— Ao>RW**s*«ic(s«ufc.^^)fe*. ^r-y 1^7 y 

— 1 *fcfc "9 ro^pJ^Sia^li 9 2. 9 9 9 . 8 % 

7 y-lc:fc»7 5®i@3b^lc*H-5 1 0*B©*+lf7!) 
-!C*ilt5JaeSb*»4, .5 1. 5%A»f)9 8. 2%tdl« 
40 7CLfc.(0. 9 9 8'=0. 9.8 2) „ wjftMflsyv Sft 

% , .tlf?!/ 2 6*^P>8 0 4**-e*i* Lfc 

, (6. ( ,.9 9 8~=0. ,2 0),. ..... ',. . .. 

[0 0 7 71 ^mmmmxi^ ^tw'a-fsttiio* 
, t tf7 y -^».t*^^vM±«^.9 ^-c«fc .L.fc.**» 

j [bp7-8i v mmj&te&y $%mi&i&x-ii, mmm 

50 U— 1fe-A2A5l 0*:05^-r f7 y — SrSiaLfc&H 



(13) 
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CiSS1^7 L l5^EiL, u-1f tf— ^2«rtFr<9i£ 

[0 0 7 9] N#<E>*-y t°7 y-^SfiJULfct 
1f#a8*»?>n#B (n^N) CD*^ tf^ y —(::*> 5 B* 
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9<o¥*SaiB*tT«4:i-ai:, (S 1 2) T^^$ 
ix£ (ftis, tJlT^lft^TMi, x T (Y) 12. x<ovi 

[0 0 8 0] 



T.„=T r »T (n-1) +T«T (2N-n) 



1 2) 



(S12) <omim&. \s- j ?itm.frbmtiz>ijfo\cm 

u-if V-MzXZmfe&mtto (&12) li 10 
^«86) (DWt^O y — fCfcJtf £B£g?a 

T.f f .i„= T„. t (N-1) + T_T (N) 
(Si 3) li, (3U£7gffi6) <D©£-. fiP^,, 
7 — *^ftvM^<0m«"C*>3r. ir «rjgc*-r-5 0 * 
ff*HR*ft=T?tt, N=10. T„=0. 9 2 9"C*>6 

a>e>. i o*a<D*-irbr5 y— ^*5»tsafi»*tt. 5 

1. 5%a>£> 9 9. 4%(CiS^U/c (0. 9 2 9M- 
0. 9 2 9 9 =0. 9 9 4) . . T C*t»dfl£V\ BSSbSfW 

m'p*z o%*t?*-ir*rai»»WFrtB****ire9 y 

+ 0. 9 2 9*=0. 20) 0 *HJ6«t8-e*ufc*ffi 

fcnffiiWK** y — ^ra«jw*4* tr9 y^-i-M 
• Wirt? ■*> "^>%^raalio»*3^«#6i^■sJ : 

~ ^ "^2'Tif=="T r »-T (n~ 1) + T„.t (N-n) 
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(Si 2) icitui, BfiSfi^Trfftt <H1S^J84) 
i:|Sl«iCntCiaLTmWK'>"C*>9, n = N. IP*,, u 

-if*»^&*tWxfc*^br9y— -e»/hfcft*. r 
ofc#©fflfi»#T^,.tt* (Si 3) <bft£ 0 
[0 0 8 1] 

- (Si 3) 

★ ^-T*2*(C^filLfc^. RW$7~17-1, 17- 

2, 1 7-3SH£/blt\ 1 o*<d**\?7 y— E^IJL 

fc#|fij3*THl*tUfc; W«*»&JHIt-*-5 i^— tf tf— a 

* fi<t fcfctf— ^SSrO. ImmCUVX (@^f) T* 

1 K**f*f4-(»Bliffl6-) tH-iifc N^^rte 
^ y — &¥BLhlJ:E5»J Cfc "t #; 7*^ ^7 y -oIB^Jgq 
' ffW»bntl (n^N) <b4Vtf?y— l£*5tf*Bfi 

ja*T. fr «i, u— tf tf— tf ^ y — i **>fc <9 

^f^g^^t^tt^^^l 4) -C^^tt 
[0 0 8 3]" X ^ " h ^ :■ 



(si 4) (omim: -12511 *<x^n^*ixfc2 

$^)l/-fe-A|IJ;5ie^to' (»14) ft (^ 

1 JS?^ffi6) :.o^<d 1 *@<o*v tf 9 y -fc*stf sb® 

. ? e»*T.Jff4n« (N + 1) ^2. 6P*>^1gS<0*^ 1* 
; 1 1 ' : & ^T^ n = T« T ( (N + 1 ) / 2 ) 

(Si 5) I*. (^J£^6) *>*fi\.BP«K U-1ff 
-A*r^f»JLftV^^Sie^O&/httT r «T (n 
- 1) '(n^NcDir^) - (T_^ 1) £*)WLhfr\Z.*. 
#v\ *tnns*jfe«=-ett, N=10,-T»=0.'9 

2 9T*fc534^, Be^£f*5*a<E>*> tf^ y--Cg; 

*t49/7i:'8%-CA5. :iilC»lT (HlfeJ&fg 
' 6) -ctt;vBfi»*tt l o*@Mt^7y-ti/hi 
••ft 0,^5 l/v ■'.aoT.^ftWot* 

Sco^r^ 1^7 y —0>f5)B$lH-fflJ£r J; "3 a*«^ft 

Sr 2 0%*-Ci: ■r.*W#««prttft»*:*-f V? y 

f«tt,-r > 242*^6 4-3 l **-CiS^l>«: (0v^9 2 9" = 

o .i ■ 2- DK^mmmm^ u^^^Hta^*-* e 
^ y— ^fflnf§5^«^ve^y-tc®fflLTt. t>*>^ 

■■ " ■ T. rr =T„T (n-l) +T«T (N 



r - ' (Si 4) f ^ - ; 1 - 

^ tr? y -^ia^^Eyij^^go^r^ ^7 y — 
ft o * 9 y -^*3«t5BS?a*f*±fa^iB^j 

^ -^ in li: ^ (S l -5) ir'ft^r^ ^ ^ e J 

1 '[00 8 4]* • !: , vch,^^ ],r 

■ • - • (Si 5) ^ ■ -V:vr 

[00 8 5] (HJfi^ffi l 0 ) *^JS^IST*ft. (USE 
?Kli6) ^Bf**BkftfHc*5t^-C, 02 1^-Tffl(c x 
2^^>U-1f3tSl 8- 1 , 18-2SrfflV\ Iftf 
40 —A 2-1, 2-2^. 10*(O^t^7y-^EML 
fcHf7!i — E^JfcW 2 oco(l!j®^>^{ffil75^WrpI*^: 
' XWMLtZo " Hl>— ■ tf tf— ^ 2 - 1 . - 2 - 2Ji; - ^ t>t£ 
tf— ^*§Sr0. s 1 mm(CU>X (gl^^i*) X~&*) . S 
iMcf^litcft 5 J: 9 (-^S Lfc 0 -t^ftfe^tt^ll^f* 
li (HJS^6) £ Ltc 0 N*0^r^r tf -7 V — & 

^N) O^^tf^ y—tCfelt^Be^T^ft; U- 
r < * if tf — A (O tf T- y — 1 »9 O^SiS^Sr T 

- (Si 6) ^^$n;v>i-^ * v 

~ n) ' (Si 6) ; ^ ; " ^< 



(14) 



ftffl¥>9- 1 5 2 4 1 8 
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(S*SJgflg9) O^tCio^T^^n^ (IS 14) T*^ 

£tiz®}&®m<D2&<Dmm%)mx*m$c<D*i> e-^ y- 

rtfc**t5I«BS»S:Ba-e#5. (Sl6) tf>Jg l 

tr-A(cj:5®jig^^i-o (Scie) « (mmmme) 

jS»ftSiitfc^ T^itfesr^it (3£i * 

T. ffBia = 2 • T„T ((N+D/2) 

S: JH l ^fc^cOfsb^^^^S/bST^ T- ( n - 1 ) 

(n=N©fc#) (T„^l) i5«6M:*#l\ 
*M-»H»*«=-Cli, N=10, T«=0. 9 2 9T* 

Bfi3b*tt5*B<D** tT9 y— "C*/htft 
0, 14 3. 7%Trfc6 0 mtwJtLT :(Htt^tg4) 

9. 5 1. 5%-efco*: 0 Stot, **JSfeJcJ:or*» 

o.%*t?t i-»Ri#tt8Bprttft»**:^ f7 y — ** 

I*. 2 2»^ 6 3*4-C4i*Ufc;:(2 X O. 9 2 9 31 

t , i a,o.8 e] ( Jt&jMt i : . I.) &nmmmv&.. m 2 2 
s^«fe<oA*«**-f. i o y — o-ttt-f 

*t^««flcft»«ltt5>tt % -l8rB36S*f«P- 2mm (R = 
■0 ul l mm) ^gOv ; 1 mm .( r*= 0 . 0 5 mm) <D 

nj?-c*.6»«p*-f tf55,y ^hawm*** tr^ y - 

ffidS^fljftS— iZ2 0. 2mm©]E*^ rtJB#— 52 0 . 1 

tT9y — 2 0«:fflv\fc o #«ft*tttt&4ftlftrs&NM 

*^rtr9y-i:H-fflffl*irtr?y— tSrSBBEU 

$ix7t»«^^ tT5 y - <t ffSl^fc^ y 

Kttif^nt>^ (n,= i.\.4.6) -e,--**aBtt*>b 

Tfet^fc^XT.'do t a ,l., n mo n ome r c o 
n c e n ,t r a t i o n)\, 5%C (C r o s s 1 in 
king *m a t e r i a' 1 '-con c-e n t r a t i 
o n ) .mmSUWr 9 ;%frT S . KfrffiA. \.tz.yk¥Mt£ J £ 

2 5 cm. ftM* 1 5 cm£ Lfc 0 If 



26 



*4) T-*$nSBes»*a±oibfi9!(Splctt5riS:e 
«cLT^5« («1 6) BS^T^lin 

= (N+i) /2. bp*», sswt^7y-ow 

tHaBlcffiB^S*^^7y-T**/hi/j:9. te<o*^ 
t^7 y — ^*5it5Bfi«b*fi«|i-6ffiltlc|B Lt»»-e*> 
6 e Bga*^>f/J«T rfr Ji, (Si 7) fctt*. 

»17) 

+ t 1 ? y — A*««E**tfcffiB*»b 5 c m<£>&gT\ 

io gjiomm, ±mizt>fr*> % tfai^-y ^9 y-co^y 

OfiglCU- IfMltLfc, oiOScK)ffig||^2 5 + 5 
= 3 0 c m<t Lfc. wixe>«*©tt»*tt*fl=tt (Hlfi 
»»6) £Lfc. oSi-fts ^fcT^y — l**>fc 

13 O^SS*!* 9 2 . 9%<9ffi^-Cfc9. 1"— If* 

jR^fe i o*i^t tr^y-JcjsttSBjBabWii* 

I^te7y-<05 1. 5%-Cfcofc (0. 9 2 9' 
= 0. 5 1 5) o ftfflS(OSSt^tv7^^^ 
BW*»&W«FW-*prtB*B«»»«>*^«r2 0%*T*b 
20 -t6iv *H-»*R*fl=-C2 2**T^>*-irK , 5:y—© 
. Iffl^Wa^frtB-cabS^irWWi.fc^O.:- 9.2 9°= 
0. 2 1) :0 r - . ^ - 

[0087] —»*-v<??-irtr9y-f4^*i«3fts*#<rt 

v ;M$ EP $> ^JPtc ft -5 if>tf ^ ^ <^ft«tc 
■*fcT"7 y-ttR«*«4rirtr9 y -i:lt®E UXffifiBitcft 

9y— ora*,H-»«c#w-e*>a*; t^y- 
*ttsi^r^ t^7 y -(^fflv\. ^ffift^r^ ^9 y 

i;i..*t?# 5o-*^ e^y -*?fai^^ tr? y - 

[008 8] «±«>JtJK»tt-e*4, .««Mc»»«l««c«c: 

40 ffflltt <t^o £ ^y-7-{Cli, y/l^T$ K*5±tf 

^*ttse^y.^-^fc,-5o #^^7;!)-^^- 

• [008 9] ^±<pnmmt&T*i*^.*v y-^tts 

•■ffl^TtWvW^ 5-^ ft«»r.*0«-«)» ? fi]ffl 
< ■ T*^, e.7 y *ir 1^9 y -oix 

50 ^*«>*-te9y-ora^H-ai*«^r>6-c*s. *fc. * 



(15) 



9-152418 
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[0090] -y^®^*sdii¥«y/i'mm 

[00 9 1] 

y —r w t><ott»*»* -f i-a o is Lfijfflt?# -5<o 
[BSiiO«*ftRW]]. i\v 

[121] $«Wro^tf7!)-7 Wco^-v*7^tfSI 

fife**-*", (a) ¥E0. (b) NffiEB.. 
[0 2 ] *^WO#.Vfe^Cy.-r : 't , 0 if— Aroftgg 

[13] *&^<o3ii&jgm o^g^j&^-tm 

[12 4 ] *&W<Dmte.M& 1 T-<0*3tSrt1-iB!|-r SI355>W 
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*i"0. 

log] *mw<r>mfcMmi x<o** t-7 y-*m/i*j 

[1210] *«^ro^ljgJg|E2-CO^-irf7 y — E^'JPfl 

pi t mm&)m<o sat?. 0. 

[121 1] *^WWHli6Jgffi3W^g<0^/ < c«fi£Sr^ 

-ri2„ 

[12 1 2] *«^<DHliSJBffi3r-0*7tSrfi-jBIJ-r5S15^ 
10 <D#rB0 o . V . 

[121 3] *%w<Dgi^m3X'mbHtin%tiim'<? 
[I2i4] *&w<ommBm3x'&t 3 ih.tznf«.8<iW)'<? 

— V£0y$:^-ri2„ 

[121 5] *«^<oHlig^li3-C#bttrclS^»i^<^ 

— >£r#l£:*-ri2„ 

[121 6] #3§9^3lt6^ffi4<D=*-v tT7 y— 7W 1 ) 1 
tf>3fc»g<DftgiS£*£^-0. 

[^17] *^K<o^jgffi4-co^Vtr7 y — 
20 sbesa^wiMSfc^-ri. 

1018] *«W<OH16Jgffi6<OS3tS:ffaai-2>SC^<0 



[p s ] *mmpmmmmi -m?** y — r u-y * 

[12 6] *&m(omi&BmiX-<n*'e¥7V—<DliLmb 

[0 7] *&m(onmBmj x<D*+t?7i)-f>[-&/i*i 
[08] *&Wi<n%w&M\x(»*c*r\? 5 y— *&/F*i 



[019] *^^roHl)6JgSi8<D^3tSrtfS!l^-Sgi5»<0 



[02 0] *3BW<0l511S»IS9O*jlfe*:H-Wi-S«»O 



rr, ! 



[021] *¥&w<Dnmmni ocoik^nm-r^^ 



i@2 2] ^w^nss^iii i^5tsrtfaa-r^^ 

30 (DWrffiMo 

8— JB— 9-C^CCDiJ^7, 10- 
T^y/WT^K^K 11 -SSL 12-S*IHBt 

/w i 3- -«»w>^y Xixfcivta^to*?^^^ 

— % 17-1. 17-2, 17-3-Slt^7" 18 
40 -1. l8-2-l/-f*B, 2-1. 2-2-U-if 

•^.tr— i 9-»«ffl*^^9 y4-^n9»«*+^^ 
- * y-, 2 0- -»»ffl* - *-e.5y— oftjw»«*-ir^^y 
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